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TITLE OF THE TNVENTION 

SOUNDPROOFING LAMINATED WINDOW FOR VEHICLES 



RACK GROUND OF THE TNVENTION 

Field of the Invention 

The present invention relates to a window for vehicles, particularly automobile 
vehicles, having improved acoustic insulation properties, especially with respect to noise of 
structure-borne origin. 

Discussion of the Background 

Soundproofing windows are used not only for windows in buildings but also to an 
increasing extent in automobiles. Although soundproofing windows for buildings can be 
relatively thick, laminated windows used for automobile construction usually have 
thicknesses not exceeding about 6 mm. Consequently it is advisable to use, as an intermediate 
layer between the two sheets of window glass, a viscoelastic polymer that imparts a highly 
effective anti-noise effect even in relatively thin layers. In addition, the polymer must also 
satisfy, over the long term (meaning for the entire life of the vehicle) all conditions imposed 
on polymers used in automobile windows. These conditions include in particular low 
cloudiness, high transparency and good ultraviolet resistance. In addition, these polymers 
must ensure high-quality and durable assembly with the adjacent layers and must retain their 
good noise-damping properties even at high and low temperatures. Finally, the anti-noise 
layers must not impair the safety-glass properties of the window. Acrylic viscoelastic 
polymers have proved particularly appropriate as antinoise layers. 
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EP 0 532 478 A2 teaches a soundproofing laminated window that is also suitable as 
an automobile window and that comprises an intermediate layer of viscoelastic acrylic 
polymer. In the case of this known laminated window, the intermediate layer separating the 
two glass sheets is formed by a polymerizable monomeric composition comprising 5 to 50 
weight % of an aliphatic polyurethane and 15 to 85 weight % of a photopolymerizable 
mixture of different acrylic monomers and common polymerization additives. The mixture of 
monomers is admitted into the space separating the two glass sheets, and polymerization by 
ultraviolet radiation is initiated. This known soundproofing laminated window is not suitable 
for series production, however, because its process of production (polymerization of the 
mixture of monomers introduced between the glass sheets) is relatively expensive. 

In the case of the industrial process for production of laminated windows, assembly of 
the two glass sheets with a prefabricated polymer film is generally performed at elevated 
temperature and under pressure. A process of this type intended for production of laminated 
windows having good noise-damping properties is known from EP 0 457 190 Al. In the case 
of this known process, a prefabricated polymer film having a high noise-damping coefficient 
and comprising at least two layers, one of which is made from a first specified polyvinyl 
acetal and plasticizer and the other of a second specified polyvinyl acetal and plasticizer. 

Viscoelastic acrylic polymers with good noise-damping properties are also known in 
the form of thin films. These anti-noise films can be used for production of laminated 
windows by interposing them between two thermoplastic films comprising in particular 
polyvinylbutyral and bonding them to these films as well as to two external glass sheets by 
the standard process for production of laminated windows by assembly at elevated 
temperature and under pressure. Soundproofing windows of this type have a good noise- 
damping coefficient, but it has been found that in the course of time the acrylic polymer 



becomes cloudy and the noise-damping properties deteriorate, with the result that the 
laminated window thereby becomes useless. 

On the other hand, among all the qualities contributing to comfort in modern 
transportation means such as trains and automobiles, silence is becoming the determining 
factor. In fact, the other sources of discomfort stemming from mechanical, thermal, visibility, 
and other considerations have been gradually mastered. Improvement of acoustic comfort 
presents new difficulties, however; noises of aerodynamic origin, in other words noises 
created by friction between the air and the moving vehicle, have been treated successfully, at 
least in part, at their source, or in other words, to economize on energy, the shapes have been 
modified, penetration into the air has been improved, and turbulence effects, which 
themselves are noise sources, have been reduced. Among the vehicle walls that separate the 
source of external aerodynamic noise from the inside compartment in which the passenger is 
situated, windows are obviously the most difficult to treat. Pasty or fibrous absorbing 
materials intended for opaque walls cannot be used and, for practical or weight reasons, the 
thicknesses cannot be increased. European Patent EP Bl 0 387 148 teaches windows that 
achieve good insulation from noise of aerodynamic origin without excessive increase in their 
weight and/or thicknesses. The patent thus teaches a laminated window in which the 
intermediate layer has a flexural damping coefficient of v = Af/f; larger than 0.15, the 
measurement being performed by shock excitation of a laminated bar of 9 cm length and 3 cm 
width made of a laminated glass in which the resin is located between two glass members 
each 4 mm thick, and by measuring the resonance frequency of the first mode, and Af, the 
peak width at amplitude A// 2, where A is the maximum amplitude at frequency f c , such that 
its acoustic attenuation index does not differ for any of the frequencies higher than 800 Hz by 
more than 5 dB from a reference index, which increases by 9 dB per octave up to 2000 Hz 



and by 3 dB per octave at higher frequencies. In addition, the standard deviation o of the 
differences of its acoustic attenuation index relative to the reference index is always smaller 
than 4 dB. The thicknesses of the two glass members can be identical and equal to 2.2 mm. 
This patent therefore proposes a general solution to the problem of acoustic insulation of the 
aerodynamic noises of a vehicle. 

However, the noises themselves such as engine noises, bearing noises or suspension 
noises must be treated at the same time. These noises have already been treated at their origin 
or to some extent during their propagation, whether airborne (especially absorbing lining) or 
structure-borne (joints of elastomer, for example). For windows, European Patent EP B 1 0 
1 00 701 teaches windows that achieve good soundproofing of highway noises, or in other 
words good insulation of noises during their airborne propagation. 

One of the windows according to this patent comprises at least one laminated window, 
and the resin of the laminated window is such that a bar of 9 cm length and 3 cm width made 
of a laminated glass comprising two glass sheets of 4 mm thickness joined together by a 2 
mm layer of this resin has a critical frequency that differs by at most 35% from that of a glass 
bar having the same length, the same width and a thickness of 4 mm. The windows according 
to this patent have an excellent acoustic attenuation index for highway traffic. 

In contrast, the treatment of windows to combat noises of structure-borne origin, 
meaning noises transmitted through solids, is more difficult to achieve. In fact, it turns out 
that the use of joints is still insufficient to prevent transmission of noise by window vibration. 
In this connection, it has actually been observed that, at certain engine speeds, perceptible 
buzzing is felt by the passenger, thus causing a source of discomfort. In fact, the engine 
rotation leads to the development of vibrations which are transmitted, for example, to the car 
body and then by chain effect to the windows. It is known that the energy acquired by an 
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object subjected to a shock causes a vibration phenomenon, and that, immediately after the 
shock, once the object has become free again, it vibrates in its natural mode. A vibrational 
frequency is associated with each mode. The vibrational amplitude depends on the initial 
excitation, or in other words on the spectral component of the shock (amplitude of the shock 
at the frequency under study) and of the impact zone of the shock, the magnitude of the modal 
deformation depending on whether the shock occurred at a neutral point or vibration node. 
The following conditions must be met for a natural mode to be excited: 

(1) the deformation caused at the point of impact is not situated at a vibration node of the 
mode, 

(2) the energy spectrum of the shock has a component at the resonance frequency of the 
mode. 

This second condition is almost always met, because a very brief shock has a 
practically uniform energy spectrum. 

The first condition is also met and, for a bar free at its ends, for example, it is 
sufficient to tap one of the ends to excite all modes. 

In the application in question, structure-borne excitation is peripheral and the 
inventors have demonstrated that, at certain engine vibration frequencies, in other words at 
certain engine speeds, the windows and the passenger compartment of the vehicle each have a 
vibration mode, the coupling of which amplifies the window buzzing caused by radiation of 
noises originating in this case from the engine. Of course, the engine speed causing these 
phenomena is particular to each type of vehicle, and therefore cannot be generalized to a 
single value. 



SUMMARY OF THE INVENTION 
The inventors have established that, by using a resin meeting the conditions stated in 
the introduction, which is different from those proposed in the patents cited hereinabove, to 
join the sheets of glass in laminated structure, such a structure provides particularly satisfying 
properties, far superior to those achieved heretofore, for damping audible sounds of structure- 
borne origin. 

OBJECTS OF THE INVENTION 

One object of the invention is a vehicle window having acoustic insulation properties 
and, in particular, properties making it possible to decrease noises radiated by the window 
under structure-borne excitation. 

The invention also has the object of providing a soundproofing laminated window 
which on the one hand provides great ease of use and good noise-damping properties, and on 
the other hand retains its good optical properties and absence of cloudiness even over the long 
term. 

Another object of the invention is to provide such a window that achieves good 
protection from noises of structure-borne origin while conferring on the windows improved 
acoustic performances with respect to noises or aerodynamic origin and also external noises. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Other advantages and characteristics of the invention will become apparent in the 

following description, provided with reference to the attached drawings, wherein: 

Figure 1 shows a first embodiment of the laminated window according to the 

invention; 



Figure 2 shows a second embodiment of the laminated window according to the 
invention; and 

Figure 3 shows the degree of damping as a function of the frequency of a standard 
laminated window and of the laminated window shown in Figure 1 . 

DETAILED DESCRIPTION OF TH F. INVENTION 
The window according to the invention is preferably designed to ensure 
soundproofing of a vehicle and in particular soundproofing against noises of structure-borne 
origin, and is made of a laminated window comprising at least one glass sheet and one 
intermediate film having a loss factor tan 5 greater than 0.6 and a shear modulus G' smaller 
than 2 x 10 7 N/cm 2 in a temperature range between 10 and 60° C, in a frequency range 
between 50 and 10,000 Hz. These measurements of the dynamic characterization of the 
material are performed on a viscoanalyzer, for example a Metravib viscoanalyzer, under 
measurement conditions to be defined hereinafter. 

The technique of the invention makes it possible to obtain a soundproofing window 
made of a laminated window in which the intermediate film brings about damping of the 
vibrations originating from the engine and transmitted in particular by the car body, to the 
effect that the radiation of vibrational modes of the window are attenuated so much that 
coupling with the vibrational modes of the passenger compartment no longer takes place, 
regardless of engine speed. 

According to one embodiment of the invention, the intermediate film imparting 
damping properties is associated with at least one film of normal acoustic performances. Thus 
it is permissible to replace part of the thickness of an expensive acoustic film by a "normal" 
and inexpensive film without deterioration of the acoustic properties but with, for example, 



an appreciable improvement of the mechanical properties as well as with the entire range of 
additional properties that can be imparted to such a film: colors, anti-UV, light diffusion, etc. 

According to another preferred embodiment of the invention, the intermediate film is 
a film of thermoplastic acrylic polymer 0.05 to 1 .0 mm thick, and this film is joined to a 
glass sheet with interposition of a polyester film 0.01 to 0.1 mm thick and a layer of 
thermoplastic cement 0.3 to 0.8 mm thick. In accordance with the invention, a thin film of 
polyester, especially polyethylene terephthalate, is also interposed between the acrylic 
polymer film and the layer of thermoplastic cement. 

It has been observed that a laminated window of this structure not only can be made 
without problems by means of standard assembly processes and thus be suitable for series 
production, but also can permit the exclusion of all the unfavorable influences of the acrylic 
polymer film by the addition of a thin film of PET between the acrylic polymer film and the 
layer of thermoplastic cement, which preferably is made of a film of polyvinylbutyral, which 
is standard for production of laminated windows. In fact, when the acrylic polymer film is in 
direct contact with the polyvinylbutyral film, particles of the plasticizer of the PVB film 
apparently diffuse into the acrylic polymer where they cause cloudiness effects as well as 
deterioration of the noise-damping properties. Surprisingly, the PET films, even if they have 
only a very thin thickness of less than 50 fim, represent a perfect barrier to diffusion of the 
plasticizer from the PVB film. In addition, by virtue of their surface properties, the PET films 
become joined both to the thermoplastic aery late film and to the standard PVB films, to the 
effect that the laminated windows according to the invention satisfy all the requirements, even 
those concerning long-term strength and safety. 

In its simplest embodiment, the laminated window according to the invention is made 
of two glass sheets between which there are interposed the above-mentioned films in the 
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following sequence of layers: PVB-PET-acrylate-PET-PVB. Obviously the standard PVB 
films can also be replaced by thermoplastic cement films made of other materials, particularly 
such films made of appropriate thermoplastic polyurethanes. 

According to another embodiment, the laminated window according to the invention 
consists of only one glass sheet which, in mounted condition, faces the outside, while the 
surface of the laminated window facing the passenger compartment is formed by a polymer 
layer having adequate abrasion resistance. Such windows of glass and synthetic material offer 
certain advantages as regards the weight and safety properties, and are known as such in 
different forms. 

Films made of viscoelastic acrylic polymers having a shear modulus G' between 10 65 
Pa at 0°C and 10 4 5 Pa at 60°C as well as a loss factor tan 5 between approximately 0.8 and 1 
in a temperature range of 0 to 60° C have proved particularly appropriate for the invention. 
They include, for example, the products of the 3 M Corporation sold under the name 
"Scotchdamp Polymers", the product brochures and MSD sheets thereof being incorporated 
herein by reference. These products comprise acrylic polymers that do not contain 
plasticizers and have damping properties covering a broad temperature range. The product 
type ISD 112, the damping properties of which are in the temperature range between 0 and 
60 °C, has proved particularly appropriate. The preparation of intermediate films meeting the 
characteristics described herein is within the skill of the ordinary artisan. 

According to an advantageous embodiment of the invention, one of the layers of the 
laminated window, particularly a polyethylene terephthalate film, is provided with a layer that 
reflects infrared radiation. 

The present invention also relates to the intermediate film that imparts damping 
properties with respect to vibrations, transmitted in particular by structure-borne conduction. 



According to one embodiment of the invention, the laminated window contains two 
glass sheets of identical thickness. This common thickness is not limited, and may be equal to 
2.2 mm. Thus the technique of the invention makes it possible to obtain a soundproofing 
window with relatively small total thickness. 

According to a particular embodiment of the invention, the intermediate film 
imparting noise-damping properties is based on plasticizer and polyvinylacetal resins. 

According to an advantageous embodiment of the invention, the shear modulus G' of 
the intermediate film imparting noise-damping properties is between 10 6 and 2 x 10 7 N/cm 2 . 

The laminated window according to the invention is preferably used for acoustic 
attenuation of noises of structure-borne origin. 

The windows according to the invention have the advantage that good insulation with 
respect to noises of structure-borne origin is achieved, as is also good insulation with respect 
to noises of aerodynamic origin and external noises. 

The dynamic characterization of the intermediate film is performed on a viscoanalyzer 
of the Metravib viscoanalyzer type, under certain measurement conditions as listed 
hereinbelow: 

- sinusoidal loading, 

- double-shear test specimen, made of two rectangles of the following dimensions: 

* thickness = 3.31 mm 

* width = 10.38 mm 

* height = 6.44 mm 

- dynamic amplitude: ± 5 mm around rest position, 

- frequency range: 5 to 700 Hz 

- temperature range: -20 to +60 °C. 
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By means of the viscoanalyzer, a material specimen can be subjected to deforming 
loads under precise temperature and frequency conditions, so that the entirety of the 
rheological variables characterizing the material can be measured and treated. 

The raw data of the measurements of force, displacement and phase shift as a function 
of frequency at each temperature are processed according to techniques known to those of 
ordinary skill in the art in order to calculate, in particular, the following variables: 

- elastic component (or shear modulus) G', 

- tangent of the loss angle (or loss factor) tan 6. 

The master curves of G' and tan 5 are therefore plotted as a function of frequency at 
different temperatures by using the frequency/temperature equivalence law. 

These master curves are processed to reveal the glass transition zones. The damping at 
the glass transition point is then calculated. 

In fact, it is at the glass transition point that damping is best. 

The technique according to the invention provides a laminated window for vehicles 
comprising an intermediate film having good damping of noises transmitted by solids. This 
damping can also satisfy the criteria of insulation against aerodynamic noises and external 
noises. Thus the window according to the invention makes it possible to achieve good general 
soundproofing. 

DETAILED DESCRIPTION OF T HF. FIGURES AND EXAMPLES 
Figure 1 is a partial cross-sectional view of the structure of a laminated window such 
as used for windshields and also increasingly for the side windows and rear windows. Of 
course, it is also possible to use the same structure for windshields and rear windows of 
automobiles, possibly with silicate-glass sheets of slightly different thicknesses. 
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The laminated window is made of two silicate glass sheets 1, 2 each 1.8 to 3 mm in 
thickness, two polyvinylbutyral layers 3, 4 each 0.38 mm in thickness, two thin PET films 5, 
6, and one film 7 of viscoelastic acrylic polymer interposed between the PET films. The PET 
films 5, 6 respectively have a thickness of 0.05 mm. The film 7 consists of a film of 
5 Scotchdamp polymer of 0.05 mm thickness, of ISD 1 12 type, made by 3M. The different 

layers are juxtaposed in the manner that is standard for fabrication of laminated windows, and 
they are assembled at elevated temperature and under pressure. 

The PET film 5 or the PET film 6 can be placed on one face of a system of layers that 
Li reflect infrared radiation. In addition to its noise-damping properties, such a window capable 
|| of reflecting infrared radiation ensures a greater thermally insulating effect with respect to 

0J incident thermal radiation. In addition, the laminated windows according to the invention 

1 y 

M; have greater shattering resistance by virtue of the integration of PET films, and so automobile 

: windows of very great comfort can be made in this way. 

The laminated window shown in Figure 2 comprises only one silicate-glass sheet 10. 

If The silicate-glass sheet 10, with thickness of 4 mm, for example, is turned such that it faces 

toward the outside of the automobile when in installed condition. A PVB layer 1 1 of 0.76 mm 
thickness is joined to the silicate-glass sheet 10. The PVB layer 1 1 is followed by a PET film 
12 of 0.05 mm thickness, a Scotchdamp polymer film 13 of ISD 1 12 type of 0.05 mm 
thickness, and a PET film 14 of 0.1 mm thickness, which is provided on its free surface with 

2 0 an abrasion-resistant layer 15. As in the case of the first described embodiment, the PET film 

12 or the PET film 14 can also be provided if necessary with a layer that reflects infrared 
radiation, for example a multiple layer applied by a vacuum process and comprising a 
functional layer of silver. 
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The diagram shown in Figure 3 demonstrates the improvement of noise damping 
achieved by the invention. In this diagram, the noise damping expressed in dB is plotted as a 
function of frequency, both for a laminated window of standard structure (curve A) and for a 
laminated window with the structure described with reference to Figure 1 (curve B). The 
measurements are performed on flat laminated windows with dimensions of 80 x 50 mm. The 
thickness of the silicate-glass sheets in both cases is 2.1 mm. The comparison model 
exhibiting the damping profile of curve A has the following structure: 2.1 mm of glass, 0.76 
mm of PVB, 2.1 mm of glass, while the model according to the invention has the following 
structure: 2.1 mm of glass, 0.38 mm of PVB, 0.05 mm of PET, 0.05 mm of acrylic polymer, 
0.05 mm of PET, 0.38 mm of PVB, 2.1 mm of glass. 

The results show that the degree of damping of the window according to the invention 
is superior to the degree of damping of the comparison window in by far the greater part of 
the frequency spectrum. Nevertheless, it is especially in the region approximately between 
200 and 300 Hz and in the coincidence frequency region at approximately 3000 Hz, where the 
damping curves of the windows exhibit the greatest valleys in the case of the standard 
laminated window, that the measured degrees of noise damping are clearly higher, and so, on 
the whole, a considerable improvement of noise damping is achieved. 

French Patent Application 96 14 404 and German Patent Application 197 05 586.3 are 
incorporated herein by reference. 
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